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Approved therapeutic antineoplastic antibodies have targeted extracellular or cell-surface molecules. ESKl is the first 
fully human T-cell receptor-like antibody targeting an intracellular tumor-associated antigen, Wilm's tumor 1 (WTl). In 
murine xenograft models, ESKl exhibits a high specificity and exert robust antineoplastic effects against human cancers 
that express WTl epitopes on HLA-A201 molecules. 



Monoclonal antibody (mAb) -based anti- 
neoplastic regimens have emerged as a 
highly effective therapeutic option for the 
treatment of several cancers. mAbs repre- 
sent advantageous immunotherapeutics as 
they exhibit a high target specificity and 
efficacy, are associated with limited side 
effects and have a prolonged half-life in 
vivo, being compatible with infrequent 
dosing schedules. Naked antibodies can 
exert robust antineoplastic functions by 
directly conveying a pro-apoptotic stimu- 
lus or through the activation of immune 
effector mechanisms. These include 
antibody-dependent cellular cytotoxicity 
(ADCC), complement-dependent cyto- 
toxicity (CDC) and antibody-dependent 
cellular phagocytosis (ADCP). In addi- 
tion, mAbs can serve as antigen-specific 
vehicles that specifically deliver potent 
cytotoxic agents such as toxins, drugs, or 
radionuclides to cancer cells. Finally, mAbs 
can be engineered to generate chimeric 
antigen receptors or bi-specific antibodies, 
further enhancing the specificity and the 
potency of T cell-based anticancer therapy. 
However, so far commercial therapeutic 
mAbs have only targeted extracellular or 
cell-surface proteins, including differenti- 
ation-associated antigens, secreted growth 
factors and their receptors.'"' Obviously, 
several among the most interesting and 
truly specific tumor-associated anti- 
gens (TAAs) are cytoplasmic or nuclear 



proteins and hence are inaccessible to con- 
ventional mAbs. The generation of T cell- 
based responses against these TAAs, often 
through vaccines, has been a major goal of 
cancer immunotherapy during the past 3 
decades. 

Most TAAs arise from mutated pro- 
teins, differentiation antigens that are 
poorly expressed by normal tissues, or 
overexpressed gene products. These pro- 
teins are generally degraded by protea- 
somes and presented on the cell surface 
in the context of MHC class I molecules, 
often as 8-10 mer antigenic peptides, to be 
recognized by the T-cell receptor (TCR) 
of cytotoxic T lymphocytes. Initially, vac- 
cines aimed at stimulating T-cell responses 
or adoptive T cell-based therapies were 
the only approaches to target intracellular 
TAAs. The active immunizations of can- 
cer patients with peptide- or DNA-based 
vaccines targeting specific TAAs, dendritic 
cells loaded with TAAs, or the adoptive 
transfer of TAA-specific T cells is currently 
being investigated in several clinical trials. 
A number of issues has hampered the suc- 
cess of these T cell-based immunothera- 
pies. Typically, TAA-specific CTLs arise 
at a low frequency only in a small portion 
of patients, exhibit a low affinity for their 
targets and are characterized by a short 
lifespan. Therefore, this approach gener- 
ally fails to mediate therapeutic effects in 
the presence of large tumor burdens.* 



Combining TCR recognition with 
the potency and versatility of mAbs may 
represent the ideal next step for immu- 
notherapeutic approaches targeting intra- 
cellular TAAs (Fig. 1). It has taken more 
than a decade to generate the first fully 
human therapeutic TCR-like mAb, ESKl, 
since immunologists initially used TCR- 
like mAbs to illustrate and study antigen 
processing and presentation to T cells.' In 
addition, technical problems hampered 
the generation of highly specific TCR- 
like mAbs by traditional hybridoma tech- 
niques. The introduction of phage display 
technology allowed for the selection of 
rare/unique mAbs targeting very defined 
epitopes, such as peptide/MHC complexes, 
among a large number of candidates. 

The Reiter group pioneered the isola- 
tion of a number of TAA-specific mon- 
ovalent antibody fragments (Fab or ScFV) 
from phage-display libraries. These mAbs 
constituted excellent tools for elucidat- 
ing the intracellular generation and traf- 
ficking of peptide/MHC complexes. The 
same authors also demonstrated that a 
TCR-like Fab specific for the melanoma- 
associated epitope MART-l^g,^^ com- 
plexed with HLA-A2 can be used to 
deliver a toxin to human melanoma cells 
and inhibits tumor growth in murine 
melanoma models.' More recently, two 
murine TCR-like mAbs, namely, 3.2G1 
min, which is specific for human chronic 
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Schematic of monoclonal antibody binding to a peptide/MHC complex 




Figure I.TCR-like monoclonal antibody binding to a peptide/MHC complex on a cancer cell. 
Intracellular tumor-associated antigens (TAAs) are generally processed and presented on the 
surface of malignant cells in the context of MHC class I molecules. Highly specific, T-cell recep- 
tor (TCR)-like monoclonal antibodies (mAbs) can now be isolated and used to specifically target 
malignant cells exhibiting specific TAA/MHC complexes on their surface. 



chorionic (3/ and 8F4, which is specific fiar 
PRl presented by HLA-A0201,'* have been 
generated. 3.2G1 min kills human breast 
carcinoma cells by triggering apoptosis, 
while 8F4 mediates CDC against human 
acute myeloid leukemia (AML) blasts and 
stem cells. These studies have spurred the 
concept that TCR-like mAbs might be 
used as therapeutic agents. 

The Wilms' tumor 1 (WTl) protein 
represented an attractive target for TCR- 
like mAbs, since it is poorly expressed by 
normal tissues but is abundant in a wide 
range of human neoplasms. Importantly, a 
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cytotoxic effects of ESKl, both in vitro 
and in vivo."* 

Through these studies, we learned the 
following: 

(1) The general assumption that the 
expression level of T-cell epitope/MHC 
complexes on surface of tumors cells is 
insufficient to elicit an immune response 
may not always be true. We used ESKl to 
detect the RMFPNAPYL/HLA-A2 com- 
plex in levels that ranged from a few hun- 
dred epitopes to more than 6,000 epitopes 
per cell. 

(2) The affinity of TCR-like mAbs is 
crucial for the binding of peptide/MHC 
complex. We have shown that mAbs with 
low affinity have problems in detecting 
TAA/MHC complexes. 

(3) We have demonstrated that ADCC 
provides a relevant contribution to the 
antineoplastic effects of ESKl. In vivo, 
however, ESKl may mediate antitu- 
mor effect via other mechanisms, which 
remain to be elucidated. 

If upcoming clinical trials based this 
approach will be successful, TCR-like 
mAbs could mark the emergence of new 
era for mAb-based immunotherapy, 
bringing about a new universe of critical 
targets for the treatment of cancer as well 
as inflammatory and infectious diseases. 
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